trial fibrillation (AF) is a common arrhythmia and the transient left atrial dysfunction that occurs after cardioversion is associated with the formation of atrial thrombi. 1 In contrast, atrial flutter (AFL) has been traditionally considered a low risk for thromboembolism because of the more organized mechanical atrial contractions in this specific arrhythmia. 2, 3 However, studies of the effects of cardioversion on thrombogenesis in patients with AFL are few and often conflicting. Some have suggested a generally low risk for thromboembolism following cardioversion of AFL, and reported that the incidence of embolism after cardioversion of AFL was less than that following cardioversion of AF. 4 Recovery from dysfunction to normal function by the left atrial appendage (LAA) after cardioversion may be more rapid in patients with AFL than in those with AF. 5 On the other hand, it has been reported that the incidence of embolism after cardioversion of AFL is similar to that after cardioversion of AF, 6 and that underlying heart disease is associated with the risk of thromboembolism after cardioversion of AFL. 7 Elevated concentrations of the biochemical markers of coagulation and fibrinolytic activity has been well demonstrated in patients with AF, 8, 9 and this could reflect states of hypercoagulability and thrombogenesis in the left atrium (LA) and LAA. Our previous study indicated that plasma Circulation Journal Vol.68, November 2004 levels of hemostatic markers in patients with AFL were similar to those in patients with sinus rhythm and lower than those in patients with AF, 10 but to our knowledge, the serial changes in hemostatic markers after cardioversion of AFL have not been studied thoroughly yet. We therefore investigated whether there is a potential hypercoagulable or prothrombotic state in patients with AFL after restoration of sinus rhythm (SR) by measuring the plasma concentrations of biochemical hemostatic markers.
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Methods

Study Patients
The study population consisted of 12 consecutive patients (9 men, 3 women; mean age, 68±10 years) who underwent transthoracic echocardiography (TTE), transesophageal echocardiography (TEE), and determination of the concentrations of hemostatic markers at the Toyama Medical and Pharmaceutical University Hospital. The diagnosis of AFL was made from a 12-lead electrocardiogram (ECG) using the standard criteria, 11 and patients with AFL lasting >7 days (10 days to 24 months, mean 6.7±8.7 months) were enrolled in this study. Nine patients had common AFL and 3 had uncommon AFL at the time of the study. Seven (58%) patients had had more than 1 episode of documented paroxysmal AF previously. Patients with organic heart disease were not included. Baseline clinical characteristics including hypertension, diabetes mellitus, hyperlipidemia and embolic cerebrovascular events were determined from the medical record and routine laboratory data ( Table 1) . The use of oral antiplatelet or anticoagulant agents at the time of the echocardiographic studies was carefully determined. Patients with systemic illness, such as renal, hepatic, inflammatory, or neoplastic disease that could influence hemostatic markers, were not included in this study. Informed consent was obtained from all patients.
Echocardiography
All patients underwent TTE and TEE studies as in our previous study. 10, 12 Briefly, TTE was performed with a 2.5-or 3.75-MHz phased-array transducer connected to an ultrasound system (SSH-140A: Toshiba, Tokyo, Japan). The left atrial dimension (LAD), left ventricular end-diastolic dimension (LVDd) and left ventricular ejection fraction (LVEF) were determined from the M-mode images. 13 To determine the serial changes in echocardiographic findings, TTE was conducted during AFL, and within 24 h, at 3 days and at 7 days after restoration of SR. The serial changes in LA function following AFL termination was assessed by pulsed Doppler interrogation of mitral inflow at the level of the mitral valve leaflet tips and A wave peak velocity. The mitral A wave velocities were averaged over 3 cardiac cycles.
TEE was performed with a 5-MHz multiplane transducer before and within 24 h of cardioversion of AFL. Each patient underwent the examination while fasting, without any premedication except for topical anesthesia of the hypopharynx with lidocaine spray. Multiple standard tomographic planes were imaged and peak LAA flow velocity (LAAPV), the presence of LA thrombi and the severity of the LA spontaneous echo contrast (LASEC) were determined. 10, 12 LASEC was diagnosed as the presence of dynamic smoke-like echoes within the LA or LAA with a characteristic swirling motion that was distinct from white noise artifact. The severity of LASEC was defined by the criteria of Fatkin et al. 14 The presence of LA thrombi and SEC was determined by 2 independent observers and any discrepancy was resolved by a third observer's opinion.
Determination of Hemostatic Markers
The following hemostatic markers were determined: platelet factor 4 (PF4) and -thromboglobulin ( -TG) levels as indices of platelet activation; thrombin-antithrombin III complex (TAT) and prothrombin fragments 1 and 2 (F1+2) as markers of thrombin activity; and D-dimer and plasmin-2-plasmin inhibitor complex (PIC) as indices of active fibrinolysis. Blood samples for determination of these hemostatic markers were obtained from all patients using the 2-syringe technique. An international normalized ratio of the prothrombin time (PT-INR) was also measured at each blood sample. The preparation of the blood samples and determination of the hemostatic markers were performed as in our previous studies. 10, 12, 15 The hemostatic markers were determined during AFL, and 3 and 7 days after restoration of SR. All patients underwent continuous ECG monitoring during the procedure. The ECG verified the cardiac rhythm in each patient at the time of blood sampling.
Statistical Analysis
Data are presented as the mean value ± SD. Intergroup differences for continuous variables were evaluated by analysis of variance (ANOVA) for repeated measures followed by the post hoc Bonferroni test. For paired data, differences were analyzed using paired t-test and, for nonparametric data, using Fisher's exact test (Stat View, version 5.0; SAS; Cary, NC, USA). A p-value <0.05 was considered significant.
Results
Patient Characteristics
Baseline clinical characteristics are summarized in Table 1 . One patient had a prior history of embolism and 8 patients were taking oral anticoagulant medication (PT-INR =1.5±0.7). Five patients were administered antiarrhythmic drugs (sotalol in 1, cibenzoline in 4) and 3 patients required treatment to control ventricular responses during AFL (calcium-channel blocker in 1; -blockers in 2). Eleven patients underwent radiofrequency ablation and the remaining 1 patient underwent pharmacological cardioversion. Dosage of warfarin was kept unchanged throughout the study period in each patient.
Echocardiographic Variables
The TTE variables are shown in Table 2 . No patient had a LVEF <40% (mean 60±9%) or dense LASEC (grade 4) during AFL. LAA thrombus was observed in the 1 patient (8%) who had had a prior embolism. LAAPV was significantly decreased from 41±23 cm/s during AFL to 29± 11 cm/s after restoration of SR (p<0.05) and LASEC became more dense 24 h after restoration of SR in 3 patients (25%). Mitral A wave velocity and LVDd were gradually increased after restoration of SR, but there were no significant changes in LAD and LVEF.
Hemostatic Markers
Plasma concentrations of the hemostatic markers are summarized in Table 3 . The TAT and PIC concentrations were significantly higher at 7 days after restoration of SR than during AFL: 9 patients (75%) had an abnormal TAT concentration (≥3.0 ng/ml) and all patients had abnormal PIC concentrations (≥0.8 g/ml) at 7 days after cardioversion. F1+2 and D-dimer also tended to increase at 7 days after restoration of SR, but the difference was of borderline significance (p=0.06 for both). Four patients had elevated D-dimer concentrations (≥1.0 g/ml), but none of the patients had elevated F1+2 concentrations (≥1.4 nmol/L) after restoration of SR. Beta-TG and PF4 did not show any significant changes after cardioversion. The patient's age affected the concentration of F1+2 at 7 days after cardioversion (ie, 0.5±0.2 nmol/L in the younger patients (n=4, <65 years old) vs 0.8±0.3 nmol/L in the elderly patients (n=8, ≥65 years old, p=0.03)). However, age did not affect the concentrations of the other hemostatic markers post-cardioversion.
Discussion
The major findings of the present study are as follows. First, mitral A wave velocity improved progressively after restoration of SR, although LAAPV was decreased and LASEC became more dense immediately after cardioversion, suggesting atrial stunning. Second, activation of coagulation and fibrinolysis occurred after conversion of AFL to SR and lasted at least for 1 week, although the level of activation was modest. These results suggest that patients with AFL can be in a prothrombotic state for at least 1 week after restoration of SR, even though atrial function improves progressively during this period of time.
Atrial Stunning in Patients With AFL
Grimm et al 5 used TEE to investigate atrial function before and immediately after DC cardioversion of AF and AFL. Immediately after cardioversion, LAAPV was significantly decreased from the baseline value before cardioversion (42±19 to 27±18 cm/s), and new or increased SEC was found in 4 of the 19 patients with AFL. Those results are consistent with our present findings. After conversion of AFL to SR, there would be progressive disappearance of atrial stunning. Sparks et al showed peak A-wave velocities of the late diastolic filling period increasing from 13.4±11.2 to 49.8±10.3 cm/s at 3 weeks after radiofrequency ablation of chronic AFL, and recovery of LAA mechanical function was seen in all 15 patients by 3 weeks. 16 Other investigators have used TEE to determine the serial changes in LA function and reported that LAA velocity gradually increased to the normal range by 2 weeks after ablation of AFL and that the mean mitral A-wave velocity was significantly greater at 7 days than immediately after AFL termination (from 26 to 51 cm/s). 17 Our results are consistent with that finding.
Taking all the findings together, it appears that LA function is depressed immediately after conversion of AFL to SR and there are signs of atrial stunning, but there is gradual recovery within 1 or 2 weeks.
Hemostatic Markers During Atrial Stunning in Patients With AFL
The duration of anticoagulation required after cardioversion of AFL would be shorter than that required for AF because LAA function returns to normal more rapidly after cardioversion of AFL than for AF. 5, 17 We demonstrated that patients with AFL are generally not in a prothrombotic state as compared with AF, 10 although other investigators have demonstrated a similar incidence of embolism after cardioversion of AFL to that of AF. 6 It has been reported that the concentrations of hemostatic markers are increased after conversion of AF to SR. 18, 19 Our present study showed that the concentrations of the hemostatic markers for coagulation and fibrinolysis were increased after termination of AFL and remained elevated at 7 days after restoration of SR, although the mean mitral Awave velocity, an index of mechanical function of the LA, had increased to the normal level. This suggested a modest activation of coagulation and fibrinolysis after restoration of SR, and it would disappear more slowly than the atrial stunning after termination of AFL. The atrial remodeling that occurs in AFL may account for the prolonged activation of these hemostatic markers after cardioversion; previous studies have shown that atrial endothelial damage could influence the prothrombotic state in AF, 20 so the duration of AFL, the patient's age and other factors also might affect the extent of atrial remodeling and thus the concentrations of hemostatic markers. Indeed, advanced age (≥65 years old) did affect the post-cardioversion concentrations of F1+2 in the present study.
Study Limitations
The present study is limited for several reasons. First, antithrombotic therapy might bias the results: 8 patients who had undergone anticoagulation therapy were included in this study. Although the mean INR was below the levels recommended in the guidelines, 21 the concentrations of hemostatic markers, especially those for coagulation and fibrinolysis, might have been underestimated in those patients. Second, we evaluated hemostatic markers for 7 days after restoration of SR, but LAA function may take up to 3 weeks to recover to normal following ablation of AFL. 17 Long term follow-up of the hemostatic markers is needed. Third, the number of patients with AFL who underwent TEE and serial determination of hemostatic markers was not large enough to draw a definite conclusion. Also, the method of terminating AFL (ie, antiarrhythmic drugs vs catheter ablation) could affect the mechanical function of the LA and the concentrations of hemostatic markers. This issue could not be analyzed because of the small number of patients. Lastly, 7 patients (58%) had the complication of AF in addition to AFL. Although all patients had AFL at the time of the baseline echocardiographic studies and conversion to SR, AF would have affected the mechanical function of the LA and the concentrations of hemostatic markers after restoration of SR in these patients. However, the serial changes in these variables did not differ between patients with AF and those without AF.
Although limited for these reasons, the present study indicates that impaired LAA function (ie, atrial stunning) would activate coagulation immediately after restoration of SR in patients with AFL. Atrial mechanical function will recover progressively, but coagulation and fibrinolysis are still activated 1 week after termination of AFL. The levels of coagulation and fibrinolysis activity are only modestly increased, if present, so anticoagulation might be required for some selected patients and the duration of anticoagulation therapy after restoration of SR should be individualized according to the echocardiographic data and the concentrations of the markers post-cardioversion.
